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,QWURGXFWLRQ
'XULQJWKHSDVWPDQ\(XURSHDQFLWLHVLQWURGXFHGXUEDQUDLOV\VWHPV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YDQ
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 WKHUDLOZD\EHGGLQJ
VKRXOGKDYHDEHDXWLIXO ORRNDQGQRLVHDQGYLEUDWLRQVFDXVHGE\SDVVLQJYHKLFOHVVKRXOGEHPLQLPL]HG
([SHULHQFHV LQ(XURSHVKRZDSRVLWLYH ORQJ WHUPHIIHFWRIXUEDQ UDLORQ WKHGHYHORSPHQWRIDFLW\DQG
HVSHFLDOO\RQ WKHKRXVHVDQGEXVLQHVVHVDORQJ WKHUDLO OLQHV 0DFNHWWDQG%DEDOLN6XWFOLIIH+DVV
.ODX&UDPSWRQHWDO%DEDOLN6XWFOLIIHQR\HDU
$OWKRXJK XUEDQ UDLO V\VWHPV WKHPVHOYHV DUH VXFFHVVIXO LQVWDOODWLRQRI QHZ WUDFNV DQG UHIXUELVKPHQW
DFWLYLWLHV DUH RIWHQ RSSRVHG E\ UHVLGHQWV DQG EXVLQHVVHV DUJXLQJ WKDW ORQJ WUDFN LQVWDOODWLRQ WLPHV ZLOO
QHJDWLYHO\LPSDFWWKHLU LQFRPH1HLJKERUVDOVRIHDUSURSHUW\YDOXHGHFUHDVHGXHWRQRLVHDQGYLEUDWLRQV
GXULQJRSHUDWLRQ8UEDQ7UDFN$QRWKHUSUREOHPXUEDQUDLOVWDNHKROGHUVIDFHLVWKHIDFWWKH\RIWHQ
KDYHDODUJHQXPEHURIGLIIHUHQWWUDFNV\VWHPVLQWKHLUQHWZRUNDQGWKHUHLVDOPRVWQRVWDQGDUGL]DWLRQLQ
FRPSRQHQWVDQGV\VWHPVZLWKLQWKHVDPHQHWZRUN$VWKHUHLVQRJHQHUDOO\DFFHSWHGPHWKRGWRDVVHVVWKH
WRWDO OLIH F\FOH FRVW DQG VRFLRHFRQRPLF FRVWV RI XUEDQ WUDFN V\VWHPV LW LV YHU\ FXPEHUVRPH DQG WLPH
FRQVXPLQJIRUDQRSHUDWRUWRPDNHWKHULJKWFKRLFHIRUDWUDFNV\VWHP
7KH (XURSHDQ SURMHFW 8UEDQ 7UDFN  ±  DLPHG DW WKH GHYHORSPHQW DQG FRQVWUXFWLRQ RI
PRGXODUWUDFNV\VWHPVIRUWUDPPHWURDQGOLJKWUDLOZLWKDORZOLIHF\FOHFRVWDQGDKLJKSHUIRUPDQFH
0RUHRYHU WKHV\VWHPVKDYH WREHVDIHDQGVKRXOGPLQLPL]HQRLVHDQGYLEUDWLRQV ,Q WRWDOGLIIHUHQW
SDUWQHUV RSHUDWRUV UHVHDUFK LQVWLWXWHV LQGXVWULHV ZRUNHG RQ WKH GHYHORSPHQW LPSOHPHQWDWLRQ DQG
DVVHVVPHQWRI WKH LQQRYDWLYH UDLO WHFKQRORJLHV$VXUEDQUDLOZD\RSHUDWLRQ LVFKDUDFWHUL]HGE\ WKHQHHG
IRU ODUJH LQLWLDO LQYHVWPHQWV DQG ODUJH DQQXDO EXGJHWV IRU PDLQWHQDQFH DQG UHQHZDO DFWLYLWLHV WZR
HFRQRPLFDVVHVVPHQWWRROVKDYHEHHQGHYHORSHGDZHEEDVHG/LIH&\FOH&RVWV/&&WRRODQGD6RFLR
(FRQRPLF6(&DVVHVVPHQWPHWKRGRORJ\
$OWKRXJKWKHUHDUHVHYHUDOPHWKRGRORJLHVWRDVVHVVWKHVRFLRHFRQRPLFFRVWVDQGEHQHILWVRIXUEDQUDLO
V\VWHPV 1(, %RDUGPDQ ' + *UHHQEHUJ HW DO  %DQLVWHU DQG 7KXUVWDLQ*RRGZLQ 
PRVW RI WKHP IRFXV RQ WKH LPSDFW RI D FRPSOHWHO\ QHZ V\VWHP FRPSDUHGZLWK DOWHUQDWLYHV VXFK DV QR
OLJKWUDLORUEXVVHV+RZHYHURXUDVVHVVPHQWWRROVWDUWVIURPWKHQRWLRQWKDWWKHUHLVRUZLOOEHDQXUEDQ
UDLOV\VWHPZKLFKDGGUHVVHVWKHVSHFLILFLPSOLFDWLRQVRIWKHGLIIHUHQWWHFKQLTXHVIRULQVWDOODWLRQUHQHZDO
UHIXUELVKPHQW DQG PDLQWHQDQFH %RWK PRQHWL]HG DQG TXDOLWDWLYH DVSHFWV DUH PDSSHG RXW IRU WKH
QHLJKERXUV WKH WUDIILF V\VWHPV DQG WKH HQYLURQPHQW0RUHRYHU WKHPHWKRGRORJ\ LV FRPSOHPHQWDU\ WR
,QIUD&DO&&DZHEEDVHGWRROWRDVVHVVWKHOLIHF\FOHFRVWVWKDWKDVEHHQGHYHORSHGZLWKLQ8UEDQ7UDFNDV
ZHOO'LH,QJHQLHXUZHUNVWDWW)LUVWZHZLOOJLYHDQRYHUYLHZRIWKHVRFLRHFRQRPLFPHWKRGRORJ\
IROORZHGE\H[SODLQLQJVKRUWO\KRZWKLVPHWKRGRORJ\FDQEHFRPELQHGZLWK/LIH&\FOH&RVWDVVHVVPHQW
7KHSDSHULVFRQFOXGHGZLWKWKHH[DPSOH.DUOVUXKHDQGH[SHULHQFHVRQRWKHUFDOFXODWLRQVLWHV
7KHVRFLRHFRQRPLFLPSDFWVRIWUDFNWHFKQRORJLHV
7KH DLP RI WKH VRFLRHFRQRPLF DVVHVVPHQW PHWKRGRORJ\ LV WR PDS UHOHYDQW LPSDFWV RI GLIIHUHQW
WHFKQRORJLHV LQRUGHU WRPDNHDZHOOIRXQGHGGHFLVLRQ IRUDSDUWLFXODU UDLO WHFKQLTXH IRUDQXUEDQDUHD
%DVHGRQOLWHUDWXUHDQGLQWHUYLHZVZLWKRSHUDWRUVPXQLFLSDOLWLHVH[SHUWVDQGRWKHUVWDNHKROGHUVZHKDYH
GHILQHGDVHWRI LPSDFWVYDU\LQJ IURPGLUHFW EXLOGLQJVLWH WR LQGLUHFW JOREDODQGSKDVHFRQVWUXFWLRQ
RSHUDWLRQ DQG PDLQWHQDQFHUHIXUELVKPHQW )LJXUH  7KH PHWKRGRORJ\ FRQVLVWV RI PRQHWL]HG DQG
TXDOLWDWLYH LPSDFWV EXW LQ WKLV SDSHU ZH IRFXV RQ WKH PRQHWDU\ LPSDFWV 0RUH GHWDLOV DERXW WKH
FDOFXODWLRQVFDQEHIRXQGLQWKHPDLQUHSRUWDERXWWKHPHWKRGRORJ\GH-RQJDQG'HFOHUFT
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)LJXUH 2YHUYLHZRI0RQHWL]HGEODFNDQG4XDOLWDWLYHUHGLPSDFWVW WLPH
:LWKWKHFKRLFHRILQGLFDWRUVZHKDYHIRFXVHGRQHIIHFWVZKLFKFDQEHLQIOXHQFHGE\WKHGHYHORSHUVRI
WKH UDLO WHFKQRORJLHV ,QGLFDWRUV VXFK DV µQRLVH¶ µYLEUDWLRQV¶ DQG HQYLURQPHQWDO LPSDFW RI WKH EXLOGLQJ
PDWHULDOVDUHGLUHFWO\OLQNHGWRWKHWHFKQRORJ\$OVRWKHORFDWLRQLQIOXHQFHVWKHVRFLRHFRQRPLFLPSDFWV
&KDQJHVLQWKHGHVLJQRUWKHLQVWDOODWLRQWHFKQRORJ\KDYHDGLUHFWPHDVXUDEOHHIIHFWRQFRQVWUXFWLRQWLPH
DQG EXLOGLQJ VSDFH QHHGHG 7KHUHIRUH WKH FDOFXODWLRQ RI HDFK LQGLFDWRU FRQVLVWV RI WKUHH FRPSRQHQWV
ORFDWLRQFKDUDFWHULVWLFVOHQJWKRIVWUHHWWREHFORVHGGRZQDUHDZLWKEDGDFFHVVLELOLW\WUDIILFYROXPHDQG
DPRXQW RI UHVLGHQWV DQGEXVLQHVVHV UDLO WHFKQRORJ\ FKDUDFWHULVWLFV WLPH QHHGHG IRU LQVWDOODWLRQ QRLVH
DQG YLEUDWLRQV GXULQJ RSHUDWLRQV DQG KLQGUDQFH IRU SXEOLF WUDQVSRUW DQG WUDIILF DQG PRQHWDU\ YDOXHV
EDVHG RQ(XURSHDQZLGH VWXGLHVZLWK D KLJK DFFHSWDQFHZLWKLQ WKH SURIHVVLRQDO FRPPXQLW\ 6FKUH\HU
6FKQHLGHUHWDO%LFNHODQG5DLQHU0DLEDFK6FKUH\HUHWDO)ORULRDQG0DIILL
%XLOGLQJVLWH
0RVWEXVLQHVVHVZLOO ORVHFOLHQWHOHDQGWKHUHIRUHKDYHD ORVVRI WXUQRYHUGXHWRFRQVWUXFWLRQZRUNV
RXWVLGH $Q LPSRUWDQW IDFWRU LV WKH DFFHVVLELOLW\ RI WKH ORFDWLRQ IRU F\FOLVWV DQG SHGHVWULDQV DQG WKH
SRVVLELOLW\WRUHDFKWKHORFDWLRQE\SXEOLFWUDQVSRUWRUWRSDUNWKHFDU:LWKLQ(XURSHWKHUHLVQRXQLIRUP
PHWKRG WR TXDQWLI\ ORVVHV DWWULEXWDEOH WR FRQVWUXFWLRQZRUNV9HU\ RIWHQ LQGLYLGXDO EXVLQHVVHV KDYH WR
QHJRWLDWHZLWKWKHORFDODXWKRULWLHVDERXWFRPSHQVDWLRQDQGRIWHQWKH\KDYHWRSURYHWKHORVVRILQFRPHLQ
RUGHUWRTXDOLI\IRUFRPSHQVDWLRQ%HFDXVHRIODFNRIDJUHHPHQWDERXWFRPSHQVDWLRQIHHVZLWKLQ(XURSH
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DQGZLWKLQLQGLYLGXDOFRXQWULHVZH¶YHEDVHGRXUYDOXHVRQWKH%HOJLDQODZRQµLQFRPHFRPSHQVDWLRQRI
EXVLQHVVHV GXULQJ FRQVWUXFWLRQ ZRUNV¶ %HOJLXP )HGHUDO *RYHUQPHQW  $FFRUGLQJ WR WKLV ODZ D
VPDOOEXVLQHVVKDVWKHULJKWWRFODLPDFRPSHQVDWLRQRI¼SHUGD\LIDFFHVVLELOLW\E\FDUDQGRQIRRW
LVOLPLWHGDQGLIWKHZRUNVODVWDWOHDVWGD\V,QRXUPHWKRGRORJ\ZHGRQRWXVHWKLVOLPLWDWLRQDQGZH
DGGHGWKHFRQGLWLRQWKDWFRPSHQVDWLRQZLOOEHSDLGLQFDVHRIOLPLWHGSXEOLFWUDQVSRUWDFFHVV
1RLVH&RVWVDUHFRPSRVHGDQQR\DQFHFRVWVEDVHGRQSUHIHUHQFHVRILQGLYLGXDOVDQGKHDOWKFRVWVEDVHG
RQ GRVH UHVSRQVH ILJXUHV 0DLEDFK 6FKUH\HU HW DO  7UDIILF QRLVH LV PHDVXUHG RQ D ORJDULWKPLF
VFDOHKDOYLQJRUGRXEOLQJWKHWUDIILFYROXPHLQDVLWXDWLRQZLWKRXWRWKHUQRLVHZLOOFDXVHDFKDQJHRI
G%7KHPDUJLQDOQRLVHFRVWVGHFUHDVHZLWKLQFUHDVHRIWUDIILFWKHKLJKHUWKHEDFNJURXQGQRLVHWKHORZHU
WKHPDUJLQDOFRVWVEHFDXVHRIDGGLWLRQDOYHKLFOHV7KHPDUJLQDOQRLVHFRVWRIFDUVIRUGHQVHXUEDQDUHDVLV
OHVV WKDQ KDOI RI WKDW IRU WKLQ XUEDQ DUHDV  ¼YNP FRPSDUHG WR  ¼YNP 6FKUH\HU
6FKQHLGHUHWDO)RUWKH1RLVH&RVWVGXHWR&RQVWUXFWLRQ:RUNVZHXVHDYDOXHWKDWUHIOHFWVWKH
FKDQJHVLQQRLVHWKDWDUHH[SHULHQFHGE\SHRSOHVRWKHQRLVHOHYHODWWKHIDFDGHVRIWKHKRXVHV'LIIHUHQW
UHVHDUFKHVKDYHEHHQFDUULHGRXWPRVWO\EDVHGRQVWDWHGDQGUHYHDOHGSUHIHUHQFHVRILQGLYLGXDOV1LMODQG
9DQ.HPSHQHW DO6FKPHGGLQJ*ULQJPXWKHW DO%DVHGRQ OLWHUDWXUH UHVHDUFKRI1DYUXG
WKH:RUNLQJJURXSRQ+HDOWKDQG6RFLR(FRQRPLF$VSHFWVUHFRPPHQGVWRXVHWKHPHGLDQ
YDOXH FKDQJH LQ QRLVH SHUFHLYHG E\ KRXVHKROGV RI  ¼ SHU G% /GHQ SHU \HDU 7KLV YDOXH VKRXOG EH
DSSOLHG DW DOO LQLWLDO QRLVH OHYHOV DQG UHJDUGOHVV WKH VL]H EURXJKW DERXW 7KH QRLVH OHYHOV GXULQJ WKH
GLIIHUHQW SKDVHVRI WKHZRUNVKDYH WREHSURYLGHGE\ WKH GHYHORSHU RI WKH WHFKQRORJ\ EXW FDQ DOVREH
PHDVXUHGRQWKHVWUHHW
3XEOLF7UDQVSRUWDWLRQ
,QWKHFDOFXODWLRQRIWKHVRFLRHFRQRPLFHIIHFWVZHDVVXPHWKHVDPHPRGDOVSOLWDQGWKHVDPHVHUYLFH
OHYHORIWKHSXEOLFWUDQVSRUWZKLFKPHDQVDUHSODFHPHQWVHUYLFHRUGHWRXUVUHVXOWLQJLQORQJHUWUDYHOWLPH
FDXVLQJ LQFRQYHQLHQFH DQG HYHQWXDOO\ ORVV RI SDVVHQJHUV 5HSODFHPHQW FRVWV DUH EDVHG RQ 9HKLFOH
5HYHQXH+RXUV95+FRPSULVLQJWKHFRVWVIRUWKHYHKLFOHWKHNLORPHWHUVDQGSHUVRQQHOFRVWV%DVHGRQ
DFRPSDUDWLYHVWXG\0LQLVWHULHYDQ9HUNHHUHQ:DWHUVWDDWZHXVHG95+FRVWVRI¼LVXSSHU
ERXQGDU\DQGIRUWUDPVRI¼$VWKHYDOXHVPD\GLIIHUSHUFRXQWU\DQGHYHQSHUFLW\LWLVSRVVLEOHWR
DGMXVWWKHVHFRVWVDVSDUWRIWKHORFDWLRQFKDUDFWHULVWLFV/RVVRI,QFRPHLVEDVHGRQWKHDPRXQWRIVWRSV
WKDWDUHWHPSRUDU\RXWRIVHUYLFHDQGWKHSHUFHQWDJHRISDVVHQJHUVZLWKRXWUHSODFHPHQWVHUYLFHRURWKHU
SXEOLF WUDQVSRUW VWRSZLWKLQ PHWHUV ZDONLQJ GLVWDQFH ,I WKH QHWZRUN LV GHQVH WKHUH ZLOO EHPRUH
DOWHUQDWLYHVDQGWKLVYDOXHZLOOEHORZHU$YHUDJHIHHVSHUWLFNHWDUHEDVHGRQ*HUPDQDYHUDJHSULFHSHU
SDVVHQJHURIȯEXWWKLVYDOXHFDQDOVREHDGMXVWHGDVSDUWRIWKHORFDWLRQFKDUDFWHULVWLFV:KHQZH
FDOFXODWHWKHVRFLRHFRQRPLFFRVWVRQWKHGHWRXURIWUDIILFZHGHDOZLWKH[WUDNLORPHWHUVDQGDQLQFUHDVH
RIWUDIILFYROXPHRQWKHGHWRXUURXWHVRZHXVHGWKHPDUJLQDOFRVWV1RLVHGXULQJRSHUDWLRQLVFDXVHGE\
SDVVLQJWUDLQVDQGLVUDWKHUFRPSOLFDWHGWRGHILQHDVWKHQRLVHEHLQJKHDUGLVFRPSRVHGRIDLUERUQHQRLVH
GLUHFW WUDQVPLVVLRQ WKURXJK WKH DLU DQG JURXQG ERUQH ,Q RXU PHWKRGRORJ\ WKH DPRXQW RI GHFLEHOV
FDXVHG E\ WKH SDVVLQJ WUDLQV KDV WR EH GHILQHG E\ DQ H[SHUW ZKLFK FDQ EH WKH GHYHORSHU RI WKH WUDFN
V\VWHP $ FRPPRQ ZD\ WR GHVFULEH WKH DPRXQW RI VRXQG FDXVHG E\ SDVVLQJ YHKLFOHV LV WKH 6RXQG
([SRVXUH/HYHO6(/+DQVRQ7RZHUVHWDO
5RDGQHWZRUN
7KH0DUJLQDO&RQJHVWLRQ&RVWVGHSHQGRQWKHW\SHRIXUEDQDUHD0DLEDFK6FKUH\HUHWDO
7KHFRVWVSHUYHKLFOHNLORPHWHUDUHWLPHVKLJKHULQFLW\FHQWUHVWUHHWVRIODUJHXUEDQDUHDVWKDQRQORFDO
VWUHHWV LQ VPDOO DQG PHGLXP XUEDQ DUHDV:H KDYH FKRVHQ WR FDOFXODWH ZLWK WKH ZRUVW FDVH YDOXHV RI
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HXURSHUYHKLFOHNLORPHWHU IRUXUEDQFROOHFWRUVDQG ORFDOVWUHHWVDQGDQGHXURSHUYHKLFOH
NLORPHWHU IRUFHQWUHDQGFRUGRQVWUHHWV LQ ODUJHXUEDQDUHDV)RU WKHVRFLRHFRQRPLFFDOFXODWLRQVRI WKH
URDG VDIHW\ HIIHFWZH XVHG WKH0DUJLQDO 5RDG 6DIHW\&RVWV DVZH GHDOZLWK DGGLWLRQDO WUDIILF RQ DQ
H[LVWLQJ URDG%HFDXVHRI LQFUHDVHG WUDIILF VSHHGPD\VORZGRZQZKLFKFDQ UHVXOW LQ D ORZHU ULVNDQG
ORZHUFRVWYDOXHVSHUNLORPHWHU7KHPHDQYDOXHIRUFDUVRQXUEDQURDGVLQWKH(8FRXQWULHVDFFRUGLQJ
WRWKH,03$&7VWXG\0DLEDFK6FKUH\HUHWDODUH(XURDQGFDQEHDGDSWHGWRWKHFRXQWU\
7KH ILJXUH IRU+HDY\'XW\9HKLFOHV +'9RQXUEDQ URDGV LV UDWKHUKLJKFRPSDUHG WRPRWRUZD\VDQG
RWKHUXUEDQURDGVLQVRPHFDVHVDIDFWRUKLJKHU7KHSHUFHQWDJH+'9LVDORFDWLRQVSHFLILFDWWULEXWH
7KH0DUJLQDO$LU3ROOXWLRQ&RVWVDUHEDVHGRQWKH81,7(SURMHFW6XWHU6RPPHUHWDOWKDWLV
FRQVLGHUHGDVRQHRIWKHPRVWLPSRUWDQWVWXGLHVLQWKHILHOGRIDLUSROOXWLRQVFRVWV%DVHGRQWKHµLPSDFW
SDWKZD\DSSURDFK¶%LFNHODQG5DLQHUWKHFRVWVRIHPLVVLRQVZHUHFDOFXODWHGEDVHGRQWKHLPSDFW
RI 30 RQ KHDOWK 7KH HPLVVLRQ RI 30 LV LQIOXHQFHG E\ WKH WUDQVSRUW PRGH DQG WKH DPRXQW RI
NLORPHWHUV ,Q JHQHUDO WKH PDUJLQDO DLU SROOXWLRQ FRVWV DUH PRUH RU OHVV WKH VDPH DV WKH DYHUDJH DLU
SROOXWLRQ FRVWV VLQFH WKH GRVH UHVSRQVH IXQFWLRQ LV D OLQHDU IXQFWLRQ )RU0DUJLQDO &OLPDWH &KDQJH
&RVWV ZH ORRN DW JUHHQKRXVH JDVVHV LQ ZKLFK WKH WUDQVSRUW VHFWRU KDV DQ LPSRUWDQW VKDUH 2WKHU
JUHHQKRXVHJDVVHVVXFKDV1DUHFRQYHUWHGLQWR&2HTXLYDOHQWVDQGDUHDOVRWDNHQLQWRDFFRXQW7KH
FRVWVRI&2HPLVVLRQVDUHFDOFXODWHGE\PXOWLSO\LQJ WKH DPRXQWRI&2E\ WKH VKDGRZYDOXHSHU WRQ
7KLVYDOXHGHSHQGV VWURQJO\RQ WKHREMHFWLYHRIFOLPDWHFKDQJHSROLF\ORZ.\RWRSURWRFRO WDUJHWVDQG
KLJK,3&&ORQJWHUPWDUJHWV)RUWKHFDOFXODWLRQVRIWKHVRFLRHFRQRPLFFRVWVZHXVHGWKHFRVWVEDVHGRQ
WKHPD[LPXPVKDGRZYDOXHV
7UDQVSRUWDWLRQRI0RGXOHV
0RGXODUV\VWHPVDUHRIWHQSUHIDEULFDWHGVRPHZKHUHHOVHEHIRUHSODFHPHQWDWWKHEXLOGLQJVLWH$SDUW
IURPDGYDQWDJHV OLNHIDVW LQVWDOODWLRQWKHXVHRISUHIDEV\VWHPVPD\UHVXOW LQPRUHWUDQVSRUWDWLRQFRVWV
2SHUDWRUV RIWHQ SUHIHU WR KDYH WKH VDPH W\SH RI UDLOV DQG SDYHPHQWV WKURXJKRXW WKHLU ZKROH QHWZRUN
ZKLFKPHDQVWUDQVSRUWWRDQGIURPWKHIDFWRU\7KHWUDQVSRUWRIPRGXOHVWRWKHEXLOGLQJVLWHUHTXLUHVLQ
PRVWFRXQWULHVVSHFLDO WUDQVSRUWZLWKVDIHW\YHKLFOHV IROORZLQJWKHWUXFN:HFDOFXODWHGWKHH[WUD FRVWV
GXH WR WUDQVSRUWDWLRQRIPDWHULDOEHWZHHQWKHµFHQWUDOVWRUDJHSODFH¶DQGWKHIDFWRU\&RVWV IURPIXHO
FRQVXPSWLRQDUHQRWWDNHQLQWRDFFRXQWDVWKHVHFRVWVZLOOEHSDVVHGRQWRWKHSULFHRIWKHSURGXFWDQG
WKHUHIRUH ZLOO EH LQFOXGHG LQ WKH /&& FDOFXODWLRQV 7KH ILQDO DPRXQW LV D VXP RI WKH FRVWV FDXVHG E\
PDUJLQDOFRQJHVWLRQFRVWVWUXFNVPDUJLQDOURDGVDIHW\FRVWVWUXFNVPDUJLQDOQRLVHFRVWVWUXFNV
WUDLQVPDUJLQDODLUSROOXWLRQFRVWVWUXFNVWUDLQVVKLSVDQGPDUJLQDOFOLPDWHFKDQJHFRVWVWUXFNV
WUDLQVVKLSVEDVHGRQWKH,03$&7VWXG\)RUWKHFRVWVRIWUXFNVZHXVHYDOXHVWKDWDUHUHOHYDQW
IRU ODUJH WUXFNV+'9! WRQVZKLFKFRPSO\ZLWK WKH(852QRUP:KHQFRVWVDUHGLIIHUHQWLDWHG
DFFRUGLQJWRDUHDDQGURDGW\SHZHDVVXPHWKDWWUXFNVXVHHDFKW\SHRIURDGDQGDUHDDFHUWDLQSHUFHQWDJH
RI WKH WLPH)RU UDLO WUDQVSRUW DGLVWLQFWLRQ LVPDGHEHWZHHQGLHVHODQGHOHFWULF WUDLQVZKLOH IRU LQODQG
QDYLJDWLRQFRVWVGLIIHUDFFRUGLQJWRWKHVL]HRIWKHVKLS
,QWHJUDWLRQRI/&&DQG6(&
)LJXUHVKRZVWKHZD\KRZZHGHDOZLWKWKHLPSDFWVEDVHGRQWKH/&&FDOFXODWLRQVDQGWKHVRFLR
HFRQRPLF LPSDFWV 7UHVFKHU 9|OS HW DO  7KH /&&PRGHO IRU 8UEDQ 7UDFN FRQVLGHUV WKH PRVW
LPSRUWDQWDFWLYLWLHV LQ UDLO LQIUDVWUXFWXUHHJ LQYHVWPHQWPDLQWHQDQFHHQHUJ\FRQVXPSWLRQKLQGUDQFH
UHQHZDO DQG GLVSRVDO LQ WKH FRVW FODVVHV SHUVRQDO FRVW PDWHULDO FRVW HQHUJ\ FRVW LQWHUHVW 7KH
WHFKQLFDOVWUXFWXUHPD\EH LQGLYLGXDOO\EXLOGXSVWDUWLQJRQDYHU\KLJK OHYHO HJQHWZRUN URXWHV WRS
GRZQLQWRJUHDWHUGHWDLOHJUDLOUDLOIDVWHQHUVZLWFKWRQJXH/&&LQ8UEDQ7UDFNPHDQVRQO\LQWHUQDO
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FRVWZKLFKDUHWREHSDLGE\WKHLQGLYLGXDOHQWHUSULVHZKLOHWKHH[WHUQDOFRVWZKLFKDUHWREHSDLG±LI
DQ\ ± E\ WKH VRFLHW\ HJ &2 QRLVH SROOXWLRQ DUH QDPHG DV 6RFLR(FRQRPLF &RVW %RWK DUHDV DUH
SLFWXUHGLQWKH/&&PRGHODQGFDQEHFDOFXODWHGLQGLYLGXDOO\DQGVHSDUDWHO\DQGFRPELQHGDIWHUZDUGV
,QIUD&D/&&DOORZVEXLOGLQJXSUDLOZD\QHWZRUNVLQDWUHHVWUXFWXUHWRGHILQHTXDOLILFDWLRQVKRXUO\UDWHV
SHULRGLFDQGWLPHUHODWHGFRVWHOHPHQWVWRFDOFXODWHUHVXOWVDQGWRJHQHUDWHUHSRUWV



















)LJXUH &RPELQDWLRQRI/&&DQG6(&LQRQHFDOFXODWLRQWRRO
7KH.DUOVUXKHH[DPSOH
7KH FLW\ RI .DUOVUXKH LV D PHGLXP VL]HG FLW\ RI DERXW  LQKDELWDQWV 7KH.DLVHUVWUDȕH LV DQ
LPSRUWDQWDFFHVVRIWKHFLW\FHQWUHDQGWKHXQLYHUVLW\DUHDVHHILJXUH
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



)LJXUH 2UJDQL]DWLRQRIWKHWUDIILFV\VWHPEHFDXVHRIWKHZRUN
7UDFN6HFWLRQV
5RXWHV
1HWZRUN
6(&&DVH
&RVW(OHPHQWV
V\VWHP$ $FWLYLWLHV
*HQHUDO
6(&/&&
$FWLYLWLHV&RVW(OHPHQWVV\VWHP%
,QIRUPDWLRQDERXW
KLQGUDQFHIRUWUDIILF
V\VWHPDQGEXLOGLQJ
VLWHLQVWDOODWLRQ
PDLQWHQDQFH
/LIHF\FOH
1RLVHDQGYLEUDWLRQV
&RVWVDQGIUHTXHQF\
RIDFWLYLWLHV
LQVWDOODWLRQ
RSHUDWLRQ
PDLQWHQDQFH
&RXQWU\VSHFLILF
YDOXHV
(QHUJ\FRVW
/DERXUFRVW
*HQHUDOLQIRUPDWLRQ
DERXWWKHORFDWLRQ
7UDFNVSHFLILFDWLRQV
UDGLXVFDQWFODVV
VSHHGFODVVHWF
9DULDWLRQ$ 9DULDWLRQ%
3RVVLELOLW\WRJURXS
7UDFN6HFWLRQVRU
6(&&DVHV
3RVVLELOLW\WRJURXS
7UDFN6HFWLRQVRU6(&
&DVHV
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7KHWRWDOOHQJWKRIWKHWHVWVLWHLVPHWHUVFRQVLVWLQJRIWLPHVPRGXODUSUHIDEHOHPHQWVRI
PHWHU HDFK $ VWDQGDUG VODE V\VWHP KDV EHHQ WDNHQ DV D UHIHUHQFH V\VWHP IRU WKH FDOFXODWLRQV 2Q
DYHUDJHGD\VDERXWFDUVSDVVWKH.DLVHUVWUDȕHEHWZHHQDPDQGSP%HFDXVHRIWKHZRUNVRQO\
RQHODQHZDVDYDLODEOHIRUFDUVDQGGXULQJWKHILUVWWKUHHSKDVHVLWZDVQ¶WSRVVLEOHWRSDUNDWDQ\VLGHRI
WKH URDG &DUV GULYLQJ LQ WKH GLUHFWLRQ WR WKH FLW\ FHQWUH KDG WR IROORZ D GHWRXU 7KH ZRUNV KDG D
FRQVLGHUDEOHLPSDFWRQSXEOLFWUDQVSRUWDVWKHDYHUDJHIUHTXHQF\LVYHKLFOHVSHUKRXU6RPHOLQHVKDG
DGHWRXUZKLOH RWKHU OLQHVZKHUH VKRUWHQHG DQGSDVVHQJHUV KDG WR FRQWLQXHRQ DQRWKHU OLQH7KHGHQVH
SXEOLFWUDQVSRUWQHWZRUNRI.DUOVUXKHRIIHUHGHQRXJKDOWHUQDWLYHVIRUPRVWSDVVHQJHUV'XULQJWKHZRUNV
WZRVWRSVZKLFKZHUH O\LQJFORVH WRHDFKRWKHUZHUHRXWRIVHUYLFHZKLFKKDG LPSDFWRQUHVLGHQWVDQG
EXVLQHVVHV LQ WKH YLFLQLW\ RI WKRVH VWRSV EHFDXVH RI WKH UHGXFHG DFFHVVLELOLW\ RI SXEOLF WUDQVSRUW )RU
ELF\FOHVDQGSHGHVWULDQVWKRXJKLWZDVSRVVLEOHWRXVHERWKVLGHVRIWKHVWUHHWZKLFKFRPSHQVDWHGDELW
IRUWKHUHGXFHGDFFHVVLELOLW\E\SXEOLFWUDQVSRUWDQGFDU7KHQXPEHURIKRXVHKROGVDIIHFWHGE\WKHZRUNV
EHFDXVHRIGHFUHDVHGDFFHVVLELOLW\IRUSHGHVWULDQVDQGWKHWHPSRUDU\FORVXUHRIWUDPVWRSVLVHVWLPDWHGDW
KRXVHKROGDQGVKRSV
0RQHWDU\HYDOXDWLRQ/&&DQG6(&
7KHWRWDOLQVWDOODWLRQKDVEHHQFDUULHGRXWZLWKLQWKHSODQQHGWZRZHHNV(DFKGLIIHUHQWSKDVHKDGWKHLU
FRQVHTXHQFHV IRUFDU WUDIILFSXEOLF WUDQVSRUWDQGKLQGUDQFHEHFDXVHRI QRLVH7KH WRWDO HVWLPDWHG/&&
FRVWVIRUWKHPHWHUVPRGXODUSUHIDEHOHPHQWVZHUHDURXQG(XURFRPSDUHGWRDURXQG
(XUR IRU WKHPRUH WUDGLWLRQDO VWDQGDUG VODE V\VWHP 7KHPRUH LQQRYDWLYH V\VWHP LVPRUH H[SHQVLYH LQ
WHUPVRI/&&,IZHORRNDWWKHVRFLRHFRQRPLFHIIHFWVWKHUHDUHDOVRDGYDQWDJHVWKDWPD\IDYRUWKHXVH
RIPRGXODUSUHIDEHOHPHQWV)LJXUH
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







)LJXUH D0RQHWL]HGVRFLRHFRQRPLFFRVWVIRULQVWDOODWLRQE4XDOLWDWLYHLPSDFWVLQVWDOODWLRQDQGRSHUDWLRQ
)LJXUHDUHYHDOVWKHDGYDQWDJHRIWKHWHVWHGPRGXODUV\VWHPLQWHUPVRIPRQHWL]HGVRFLRHFRQRPLF
FRVWV 7KHPDMRU DGYDQWDJHV RI WKH WHVWHGPRGXODU V\VWHP DUH WKH YHU\ IDVW LQVWDOODWLRQ WLPH KDYLQJ D
SRVLWLYHLPSDFWRQWKHFRVWVFDXVHGE\GHWRXU IRUFDUWUDIILF OHVVSXEOLF WUDQVSRUWDQGWKHKLQGUDQFHIRU
DGMDFHQWIXQFWLRQVDQGWKHUHIRUHOHDGLQJWRORZHUPRQHWL]HGVRFLRHFRQRPLFFRVWV7KHWUDQVSRUWDWLRQRI
WKH SUHIDE PRGXOHV LV DQ LPSRUWDQW VRFLRHFRQRPLF FRVW FRPSDUHG WR WKH UHIHUHQFH V\VWHP PDLQO\
EHFDXVHRI WKHGLVWDQFHRYHUZKLFK WKHPRGXOHV KDG WREH WUDQVSRUWHG7KH FKRLFHRI WKHGHYHORSHU WR
WUDQVSRUWPRGXOHVRYHUZDWHUFRQWULEXWHGWRDVLJQLILFDQWUHGXFWLRQRIWKHVRFLRHFRQRPLFFRVWFDXVHG
E\WUDQVSRUWRIWKHPRGXOHV'XULQJRSHUDWLRQRIVHUYLFHWKHPRVWLPSRUWDQWVRFLRHFRQRPLFDGYDQWDJHV
0RGXODUV\VWHP 5HIHUHQFHV\VWHP
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DUHFDXVHGE\DORZHUIUHTXHQF\RIPDLQWHQDQFHDFWLYLWLHVDQGDQH[SHFWHGUHGXFWLRQRIKLQGUDQFHFDXVHG
E\QRLVHDQGYLEUDWLRQV
/HVVRQVOHDUQHG
6RFLRHFRQRPLFFRVWVYDOXDEOHIRUPDNLQJGHFLVLRQV
:HPDGHVLPLODUFDOFXODWLRQVIRUDWHVWFDVHLQ%UHPHQDQGWZRORFDWLRQVLQ6HYLOOD,IZHORRNDWWKH
FRQWULEXWLRQ RI WKH GLIIHUHQW LPSDFW FDWHJRULHV RQ WKH WRWDO VRFLRHFRQRPLF FRVWV ZH VHH WKDW SXEOLF
WUDQVSRUW LV DQ LPSRUWDQW VRFLRHFRQRPLF FRVW LQ .DUOVUXKH UHODWHG WR WKH YHU\ KLJK VHUYLFH OHYHO RI
SXEOLFWUDQVSRUWZLWKDURXQGYHKLFOHVSHUKRXU7KHUHVXOWVRIWKHWHVWFDVHVDOVRVKRZWKDWLIWKHUHLVD
GHQVH QHWZRUN RI SXEOLF WUDQVSRUW DYDLODEOH WKH VRFLRHFRQRPLF LPSDFW GXH WR SXEOLF WUDQVSRUW FDQ EH
UHGXFHG E\ RIIHULQJ DOWHUQDWLYH SXEOLF WUDQVSRUW ZLWKLQ ZDONLQJ GLVWDQFH DQG E\ XVLQJ DOWHUQDWLYH OLQHV
LQVWHDGRI UHSODFHPHQWEXVVHV'HWRXU IRUFDU WUDIILF LV WKHKLJKHVW VRFLRHFRQRPLFFRVWFDWHJRU\ LQDOO
FDVHVH[FHSW.DUOVUXKH,QJHQHUDOZHFDQVD\WKDWLQVLWXDWLRQVZLWKDKLJKDPRXQWRIFDUWUDIILFWKHPRVW
LPSRUWDQWVRFLRHFRQRPLFJDLQFDQEHPDGHE\DVKRUWFORVXUHRIWKHURDG7KHVKDUHRIWXUQRYHURQWKH
WRWDO VRFLRHFRQRPLF FRVWV GHSHQGV YHU\PXFK RQ WKH QXPEHU RI QHLJKERXUV DQG EXVLQHVVHV DORQJ WKH
FRQVWUXFWLRQ VLWH DQG WKH DUHD DURXQG WKH EXLOGLQJ VLWH ZLWK EDG DFFHVVLELOLW\ GXH WR WKH ZRUNV ,Q WKH
PRQHWDU\FDOFXODWLRQVWLPHDQGWXUQRYHUDUHUHODWHGLQDOLQHDUZD\+RZHYHULWLVNQRZQWKDWZRUNVWKDW
ODVWORQJLHPRQWKVRUHYHQ\HDUVKDYHDPRUHVHYHUHLPSDFWRQWKRVHEXVLQHVVHVWKDQZRUNVMXVWWDNLQJ
D IHZZHHNV7KLVHOHPHQWKDVEHHQ WDNHQ LQWRDFFRXQW LQ WKHRYHUDOOHYDOXDWLRQDVDTXDOLWDWLYHIDFWRU
7KH PDLQ FRVWV RU JDLQV GXULQJ RSHUDWLRQ DUH FDXVHG E\ WKH QRLVH OHYHO GXULQJ RSHUDWLRQ DQG E\ WKH
PDLQWHQDQFHFRVWV7KHVRFLRHFRQRPLFFRVWVIRUPDLQWHQDQFHDUHVLPLODUWRWKRVHIRUFRQVWUXFWLRQZRUNV
DVWKH\FRQVLVWRIWKHVDPHLPSDFWV7KHHVWLPDWHGJDLQGXHWROHVVQRLVHLVGLUHFWO\UHODWHGWRWKHDPRXQW
RI UHVLGHQWVDQGEXVLQHVVHVZLWKLQ WKH LPSDFWDUHDRI WKHQRLVH ,Q WKHPRGHOZHXVHGRQH OHYHO IRU WKH
UHGXFWLRQ RI QRLVH IRU WKH ZKROH OLIH F\FOH DOWKRXJK LW ZRXOG EH PRUH UHDOLVWLF WR FDOFXODWH ZLWK DQ
LQFUHDVLQJ QRLVH OHYHO RYHU WKH \HDUV UHODWHG WR WKH UHOHYDQWPDLQWHQDQFH VHTXHQFHV$ YHU\ LPSRUWDQW
IDFWRUIRUWKHORZHUVRFLRHFRQRPLFFRVWVLVWLPHVDYLQJZKLFKKDVDQLPPHGLDWHHIIHFWRQWKHGLIIHUHQW
LPSDFWFDWHJRULHV$VWLPHLVDPXOWLSOLHULQHDFKIRUPXODWLPHVDYLQJPHDQVDUHGXFWLRQRIFRVWV,IZH
ORRNDW WKHKHLJKWRI WKH VRFLRHFRQRPLFFRVWVFRPSDUHG WR WKH/&& WKHUHDUH UHPDUNDEOHGLIIHUHQFHV
)RU %UHPHQ DQG WKH WZR FDVHV LQ 6SDLQ 0DODVPDxDQDV DQG $YHQLGD GH OD &RQVWLWXFLyQ WKH VRFLR
HFRQRPLFFRVWVDUHEHWZHHQDQGRIWKHHVWLPDWHGOLIHF\FOHFRVWVZKHUHDV WKHHVWLPDWHGVRFLR
HFRQRPLFFRVWVIRU.DUOVUXKHDUHPXFKKLJKHUDURXQGRIWKHOLIHF\FOHFRVWV7KLVFDQEHH[SODLQHG
E\ WKH IDFW WKDW WKH WHVW VLWH LQ .DUOVUXKH ZDV LQ DQ XUEDQ DUHD ZLWK D YHU\ KLJK IUHTXHQF\ RI SXEOLF
WUDQVSRUWEXWDOVRDUHDVRQDEOHDPRXQWRIFDUWUDIILFDQGDORWRIQHLJKERXULQJIXQFWLRQVUHVXOWLQJLQKLJK
VRFLRHFRQRPLFFRVWV
&RPELQDWLRQRI/&&DQG6(&DOORZVWRLQFOXGHWKHQRQPRQHWL]DEOHLPSDFWVDVZHOO
'HYHORSLQJWKHPHWKRGRORJ\DQGDSSO\LQJLWWRYDOLGDWLRQVLWHVPDGHFOHDUWKDWVRFLRHFRQRPLFDVSHFWV
GRSOD\DQLPSRUWDQWUROHLQLQVWDOODWLRQDQGPDLQWHQDQFHDFWLYLWLHVRIXUEDQUDLOV\VWHPVEHVLGHVWKH/LIH
&\FOH&RVWV 7KH6(&/&& WRRO SURYLGHV LQVLJKW LQ WKH FRVW GULYHUV DQG FDQ SOD\ D UROH LQ D GHFLVLRQ
PDNLQJSURFHVV,QWKLVFRQWULEXWLRQZHVKRZHGRQHFDVHWKDWPDNHVFOHDUWKDWPRUHH[SHQVLYHV\VWHPV
VXFKDVSUHIDEWUDFNVFDQEHYHU\LQWHUHVWLQJIRUXUEDQDUHDVEHFDXVHRIWKHIDVWLQVWDOODWLRQWLPHDQGWKH
H[SHFWHGORQJWHUPTXDOLW\RIWKHV\VWHP7KRVHDGYDQWDJHVDUHHYHQPRUHSURPLVLQJLQDUHDVZLWKPDQ\
EXVLQHVVHV D KLJK WUDIILF YROXPH DQG D KHDYLO\ XVHG SXEOLF WUDQVSRUW WKH VKRUWHU WKH GLVWXUEDQFH WKH
ORZHUWKHVRFLRHFRQRPLFFRVWV)URPWKLVH[DPSOHDQGDOVRRWKHUH[DPSOHVZLWKLQ8UEDQ7UDFNZHFDQ
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OHDUQ WKDW LWPLJKWEHZRUWK WRFRQVLGHUD WUDFNV\VWHP WKDWFDQEH LQVWDOOHGDQGUHQHZHGYHU\ IDVW LI LW
DYRLGV KLQGUDQFH 7KLV V\VWHP FDQ EH FRPELQHG ZLWK FKHDSHU VWDQGDUG V\VWHPV $V WKH PDLQWHQDQFH
UHJLPHZLOOEHEDVHGRQWKHPRVWIUHTXHQWXVHGV\VWHPWKHDGYDQWDJHVIRUPDLQWHQDQFHZLOOEHPLQLPDO
EXWWKHORZHULQVWDOODWLRQWLPHDQGH[SHFWHGDGYDQWDJHVIRUUHQHZDOPLJKWEHZRUWKWKHH[WUDLQYHVWPHQW
$QRWKHULQWHUHVWLQJDVSHFWLVWKHSRVVLELOLW\WRLGHQWLI\DQGHYDOXDWHDGYDQWDJHVRIVSHFLILFLQVWDOODWLRQ
SURFHVVHVZLWKDQLPSDFWRQWKHORQJWHUPIRUH[DPSOHWKHH[SHFWHGTXDOLW\RIWKHVXUIDFHWKHORQJHUWHUP
RUD ORZHU ULVNRQQRLVHGXULQJRSHUDWLRQ ,I MXVW D/&&FDOFXODWLRQ LV XVHG WKHVHSRWHQWLDO DGYDQWDJHV
PD\QRWEHWDNHQLQWRDFFRXQW&RQVLGHULQJWKHVRFLRHFRQRPLFHIIHFWVJLYHVDPRUHFRPSOHWHRYHUYLHZ
RIWKHGLIIHUHQWLPSOLFDWLRQVRIWKHPHWKRGRORJ\LQZKLFKSULFHDWWKHPRPHQWRIGHFLVLRQPDNLQJLVQRW
WKH RQO\ IDFWRU WR EDVH WKH GHFLVLRQ RQ 7KH PHWKRGRORJ\ KDV EHHQ GHYHORSHG DQG WHVWHG LQ GLIIHUHQW
YDOLGDWLRQVLWHVEXWVKRXOGEHIXUWKHUGHYHORSHGLQRUGHUWRLQFUHDVHWKHUHOLDELOLW\DQGWKHFRPSDUDELOLW\
RIWKHRXWFRPHV
'HWHUPLQLQJWKHH[DFWLQFLGHQFHRIFHUWDLQSDUDPHWHUVRQWKHRYHUDOOOLIHF\FOHLVYHU\FRPSOH[ERWK
IRUWKH/&&DVIRUWKH6(&FDOFXODWLRQV$PRQJWKHPDQ\DFWLYLWLHVQHHGHGWRGHWHUPLQHWKHLQFLGHQFHRI
GLIIHUHQW IDFWRUV VHYHUDO W\SHV RI WHVWV ZLOO EH QHHGHG RQ ERWK ODERUDWRU\ DQG LQVLWX FRQGLWLRQV 7KH
UHVXOWVIURPWKHDOUHDG\SHUIRUPHG/&&6(&FDVHVVKRZWKDWVRFLRHFRQRPLFLPSDFWLVDYHU\UHOHYDQW
IDFWRU IRU/LIHF\FOH&RVWLQJ±VRPHWLPHV WKHFUXFLDOFRVWHOHPHQW7KHSURWRW\SHNQRZOHGJHEDVHRI WKH
WRROLVLQGHYHORSPHQWDQGWKHUHSRUWLQJRIWKHRXWFRPHVRIWKHLQWHJUDWHG/&&6(&DVVHVVPHQWLVDILHOG
IRULPSURYHPHQWV7KHREMHFWLYHLVWKHUHIRUHWKHUHDOL]DWLRQRIPDMRULPSURYHPHQWVLQWKHGDWDLQVHUWLRQ
SURFHVVRIWKHWRRO¶VXVDELOLW\LQVHDUFKLQJDQGWUDFLQJLQIRUPDWLRQDQGWKHLPSOHPHQWDWLRQRIVRPHEDVLF
VWDWLVWLFV
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